Complex variables method has been used to solve the first and second fundamental problems for an infinite plate weakened by a generalized curvilinear hole C. The curvilinear hole is conformally mapped on the domain outside or inside a unit circle γ using a general rational mapping function with complex constants. Many special and new cases are derived from this work. Some of the work of the previous authors in this domain will be considered as special cases of this paper. Also the interesting cases when the shape of the hole takes different famous shapes are included. The components of stresses for some examples are obtained.
Introduction
The boundary value problems for isotropic homogeneous performed infinite plates have been discussed by several authors: see Colton and Kress [1] , Popov [2] , Noda et al. [3] and Schinzinger and Laura [4] . Some authors used Laurent's theorem to express the solution in the series form, see England [5] , Parkus [6] and Kalandiya [7] . Others used complex variables method of Cauchy integrals to express the solution of the boundary value problems in the form of two complex potential functions, Goursat functions, by using many rational mappings, see Muskhelishvili [8] , El-Sirafy and Abdou [9] , Abdou and Khar-Eldin [10] , Abdou and Khamis [11] , Abdou [12] and Abdou et al. [13] . In all previous works, the coefficients of the rational mappings were real.
It is worth mentioning that Exadaktylos and Stavropoulou [14] and Exadaktylos et al. [15] considered rational mapping functions with complex constants that conformally maps the holes inside a unit circle, using Laurent's method. Also Abdou and Asseri [16] [17] considered more general rational mapping functions with complex constants that conformally maps the holes outside and inside a unit circle, using Cauchy singular method. All the previous four works will be considered as special cases of this work. It is known that, see Muskhelishvili [8] , the first and second fundamental problems in the plane theory of elasticity are equivalent to finding two analytic functions ( ) 
where, 1 k = − and ( ) f t is a given function of stress, for the first fundamental problem. While 3 1 k λ µ χ λ µ + = = > + , and ( ) ( )
is a given function of the displacement for the second fundamental problem; λ, µ are called the Lame's constants and t denotes the affix of a point on the boundary.
In terms of the rational mapping function
does not vanish or become infinite for 1 ζ > , the infinite region outside a closed contour conformally mapped outside the unit circle γ . The two complex potential functions ( )
, in this case, take the forms
where X, Y are the components of the resultant vector of all external forces acting on the boundary and Γ , 
In this work, the complex variables method will be applied to solve the first and second fundamental problems for an infinite plate with a generalized curvilinear hole C conformally mapped on the domain outside a unit circle γ by the generalized rational mapping function ( ) shapes which make these studies applicable for many phenomena throughout the nature like tunnels, caves, excavations in soil or rock, etc. Moreover, the results of Goursat functions when the transformation mapping (6) is conformally mapped inside the unit circle ( ) 1 γ ζ < are discussed and obtained. Also, many applications for the first and second fundamental problems are considered and the components of stress and strain have been obtained and plotted to investigate their physical meaning. Moreover, computer work using maple 9.5 has been used in applications to give the shapes of holes and curves of stresses with some calculations of stresses at their important points.
The Rational Mapping
The physical interest of the mapping (6) comes from its special cases and its different shapes of holes that can be obtained, see Figures 1-6 .
From the rational mapping we can discuss the following: 1) The number of the holes corners is subjected to  's values. There are given by 1 +  .
2) The shape of the hole depending on the values of n's and m's. we get the same shapes that have been gotten by using the rational mapping ( ) z ζ , and the invested shapes of it will be given by substituting zero values for the imaginary parts of the complex constants d, m and n .
6) The complex constant d works on expanding the corners of the hole shape.
Goursat Functions
In this section, we use the transformation mapping (6) in the boundary conditions (1), and complex variables method, Cauchy method, to obtain a closed form expression for the Goursat functions ( ) φ ζ and ( ) ψ ζ respectively. Therefore, we write
where
and ( ) β ζ is a regular function for 1 ζ > . Using (7) in the boundary conditions (1) and on ζ σ = , we get
and ( ) ( )
The function
( )
F ζ with its derivatives must satisfy the Hölder condition. Multiplying both sides of (10) by
and integrating with respect to σ on γ , we have
and the complex constant b, will be determined, is given by
Differentiating (15) with respect to ζ, then using the result in (17), the complex constant b takes the form 
The two formulas (15) and (19) are representing the Goursat functions for the first and second fundamental problems for an infinite elastic plate weakened by The two formulas (15) and (19) are representing the Goursat functions for the first and second fundamental problems for an infinite elastic plate weakened by a generalized curvilinear hole C, that can be transformed outside a unit circle γ by the rational mapping (6) .
An important new case for discussion is using the transformation mapping
This mapping function, when
ζ < , transforms the points in the z-plane inside the unit circle γ in ζ-plane. And, in this case, the Goursat functions, become
Special Cases
Here, we discuss the following: 1) By considering the reality of the constants of the mapping (1.6), the Goursat functions, in this case, are agree with work of Abdou and Khar-Eldin [10] of Equations (15) and (19), on notation the difference in notation.
2) When 1 =  and { } 0, 0 m = and for finite expansion, the transformation mapping (6), in this case, becomes
The Goursat functions, in this case, become ( 
The results of the two formulas (24) and (25) are in agreement with the work of Abdou and Asseri [16] , on noting the difference in notation.
3) When 1 =  , the transformation mapping (6) becomes 
The Goursat functions, in this case, of the two formulas (15) and (19) agree with the all results of Abdou and Asseri [17] . 
with the corresponding Goursat functions 
The three Formulas (27)-(29) are equivalent to those derived by Exadaktylos and Stavropoulou [14] , where they used Laurent's theorem, after considering in (27)-(29) the following special cases:
The constant λ is called the situ stress relief factor i.e. for λ = 0 no excavation has been occurred and for λ = 1, the tunnels is fully excavated. More information and physical meaning for λ can be found in the work of Exadaktylos and Stavropoulou [14] . 
and ( ) f z Pz = − ; P is the intensity of the tensile stress and z is the above rational mapping, the results will agree with the work of Exadaktylos et al. [15] . 
Applications
The complex constant b has been determined by Equation (18) and its value was calculated by using Maple 9.5. Here, we have the Goursat functions for an infinite plate weakened by a curvilinear hole C which is free from stresses. The plate stretched at infinity by the application of a uniform tensile stress of intensity P, making an angle θ with the x-axis. 
. 1
Thus, (32) and (33) give the solution of the first fundamental problem for an isotropic infinite plate with a curvilinear hole, when there are no external forces and the edge of the hole is subject to a uniform pressure P.
If in application (2) we write
, we have the case of the first fundamental problem, when the edge of the hole is subject to uniform tangential stress T. The Goursat functions, in this case, are obtained directly from the two formulas (32) and (33) by putting -iT instead of P. 
where ( ) ( )
Here, we have the case of uni-directional tension of an infinite plate with a rigid curvilinear centre. The constant ε, which represents the angle of rotation, can be determined from the condition that the resultant moment of the forces, acting on the curvilinear centre from the surrounding material, must vanish i.e.
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where and µ = 0.6 the relation between the stress components σ xx , σ yy , σ xy and the angle θ are considered in Figures 13-15 .
From the previous results, we can establish the following Case (1): In the case of Bi-axial tension, we have
where ( ) ( ) 
Conclusion and Discussion
From the previous work the following discussion and results can be concluded 1) In the theory of two-dimensional linear elasticity one of the most useful techniques for the solution of the boundary value problem for a region weakened by a curvilinear hole is to transform the region into a simpler shape to get the solution directly without difficulties.
2) The transformation mapping 3) The physical interest of the using mapping transform comes from its different shapes of holes it treats and different directions it takes. This mapping function deals with famous shapes of tunnels, thereon it is useful in studying the stresses around tunnels. In underground engineering the tunnel is assumed to be driven in a homogeneous, isotropic, linear elastic and pre-stressed geometrical situation. Also, the tunnel is considered to be deep enough such that the stress distribution before excavation is homogeneous. Excavating underground openings in soils and rocks is done for several purposes and in multi-sizes. At least, excavation of the opening will cause the soil or rock to deform elastically. The excavation in soil or rock is a complicated, dangerous and expensive process. The mechanics of this can be very complex. However, the use of conformal mapping that allows us to study stresses and strains around a unit circle makes it useful for engineers and easier for mathematicians. 4) The complex variables method (Cauchy method) is considered one of the best methods for solving the integro differential equation, boundary value problem, of Equation (1) and obtaining the two complex potential functions, Goursat functions, ( ) z φ and ( ) z ψ directly. 5) The stress is an internal force whereas positive values of it mean that stress is in the positive direction, i.e. stress acts as a tension force. On the other side, negative values of stress mean that the stress is in the negative direction, i.e. stress acts as a press force.
6) The most important issue deduced from mapping the stress components is that max min 
